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ABSTRACT

The seasonal distribution patterns of sibling hakes, Urophycis chuss and U. tenuis, differ from
one another in depth and geographic area and within each species by life history stage.

Urophycis chuss spawns off southern New England in depths of less than 60 fm and probably
at temperatures between 5° and 10°C. Two major spawning concentrations occur, one east of Block
Island, the other on the southwest part of Georges Bank. Spawning in the Gulf of Maine probably
occurs inshore at depths shoaler than 30 fm. After spawning, the adult fish disperse and the larger
individuals move offshore into water 60 fm or deeper where the mature fish remain until the
following spring. Juvenile U. chuss are inquiline within sea scallops, Placopecten magellanicus,
until they outgrow their hosts or until water temperatures, colder than about 4°C, either kill the
hake or force them to seek out warmer temperatures in deeper water. Immature U. chuss remain
in the vicinity of the scallop beds if water temperatures are compatible until the fish are in their
second year of life. During that autumn, the fish migrate inshore to within 30 fm and remain
until water temperatures drop to about 4°C, at which time they move to warmer, deeper water
along the offshore shelf. The following spring, these fish migrate inshore with the older adult fish
during April and by summer are mature and attain the typical seasonal behavior of aduits. Im-
mature U. tenuis in the Gulf of Maine occur at all depths but tend to remain in shallower water
than the adults during the winter. Mature U. tenuis migrate inshore in the northern Gulf of Maine
in the summer, disperse in the fall, and move into the deepest area of the Gulf in winter. Along
the eastern edge of Georges Bank and west of there, both immature and mature U. tenuis are
fish of the continental slope. Both stages occur over the shelf in small numbers, but at all seasons
the highest concentrations are found deeper than 100 fm. The distribution patterns of these two
sibling species are not coincidental, as assumed in the past. Rather, they are complementary.
Urophycis chuss is more abundant in the Mid-Atlantic Bight, whereas U. tenuis is more abundant
on the Scotian shelf, in the Gulf of St. Lawrence, and on the Grand Banks. They occur together
most often in the Gulf of Maine. But even there, U. chuss is more abundant in the southwest sector

and U. tenuis predominates in the northern part and in the Bay of Fundy.

The geographical ranges and seasonal movements
of the red hake, Urophycis chuss (Walbaum),
and of the white hake, U. tenuis (Mitchill), have
not been defined because previous workers have
had difficulty in distinguishing between the two
species (Musick, 1973). The purpose of the present
paper is to examine the validity of published
accounts of the ranges of U. chuss and U. tenuis;
to compare the seasonal distribution of the two
species with regard to depth, bottom temperature,
and substrate in New England waters; and to
determine whether the patterns of seasonal dis-
tribution vary among juvenile, immature, and
adult stages (these stages are defined below).
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Two recent faunal works treat both species
together and give the northern limit of distribu-
tion of U. chuss and U. tenuis as Labrador
(Leim and Scott, 1966) or the Grand Banks of
Newfoundland (Bigelow and Schroeder, 1953).
However neither documentation nor voucher
specimens are available to establish the presence
of U. chuss off Labrador or on the Grand Banks
(as there are for U. tenuis). Kendall (1909) re-
ported U. tenuis from Labrador, and the New-
foundland Fisheries Research Commission (1932,
1933, 1934) captured U. tenuis along the south-
western edge of the Grand Banks during warmer
months of the year. Templeman (1966) reported
that all Urophycis taken commercially on the
Grand Banks have been U. tenuis (1966) and
that he had never seen a specimen of U. chuss
from Newfoundland waters (pers. comm.). Jordan
and Evermann (1898) and Breder (1948) gave the
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northern limit of U. chuss as the Gulf of St.
Lawrence, apparently on the basis of reports of
U. chuss (under the name of Phycis americanus
(Block and Schneider)) from the Gulf of St. Law-
rence by H. R. Storer (1850), Fortin (1863), Knight
(1866}, and Gilpin (1867). These authors, however,
had followed the nomenclatural usage of D. H.
Storer (1839, 1846, 1858) whose descriptions of
Phycis americanus from Massachusetts obviously
referred to U. tenuis because of the large size of
his specimens (Musick, 1973). Similarly all other
reports of U. chuss from the Gulf of St. Lawrence
are based on nomenclatural errors or were made
by workers (Cox, 1905, 1921; Cornish, 1907,
1912; Craigie, 1916, 1927; Vladykov and Trem-
blay, 1935; Vladykov and McKenzie, 1935; Me-
Kenzie, 1959; and Vladykov and McAllister, 1961)
who by their own admission or by the species
descriptions they published had shown their in-
ability to distinguish between U. chuss and U.
tenuis (Musick, 1969).

Urophycis chuss is absent from or very rare in
the Gulf of St. Lawrence. Several thousand
specimens of Urophycis examined at Souris,
Prince Edward Island, in August 1966 were all
U. tenuis (Musick, 1973). Juvenile and post-
larval Urophycis captured in the Gulf of St.
Lawrence by Fisheries Research Board of Canada
personnel from St. Andrews, New Brunswick,
and sent to me for identification were all U.
tenuis. Several hundred Urophycis examined on a
cruise of the RV Prince in the Northumberland
Straits and Magdalen shallows in September 1972
were all U. tenuis (K. Able, pers. comm.).

The Newfoundland Fishery Research Commis-
sion captured one U. chuss (a pelagic juvenile)
and many U. tenuis (benthic adults) on the
Scotian shelf between Sable Island and Ban-
quereau Banks (Newfoundland Fisheries Re-
search Commission, 1932). Similarly, trawl col-
lections made from RV Albatross IV on the
Scotian shelfin March 1969 and 1970 and Novem-
ber 1969 (J. McEachran, pers. comm.) contained
few U. chuss and many U. tenuis. Trawl col-
lections made from RV Cameron between Canso,
Nova Scotia, and Banquereau Bank in August
1970 and 1971 contained very few U. chuss but
many U. tenuis (C. Wenner and J. McEachran,
pers. comms.). To my knowledge the most north-
eastern locality from which voucher specimens
of U. chuss are available is lat. 43°39'N, long.
59°26.5'W (Virginia Institute of Marine Science
lot No. 01957) collected by otter traw! from RV
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Cameron, 14 July 1971, at a depth of 197 m.
Both U. chuss and U. tenuis have been reported
frequently from the Gulf of Maine and the Mid-
Atlantic Bight as far south as Cape Hatteras,
N.C. (Musick, 1969).

Svetovidov (1955) classified Phycis borealis
Saemundson 1913, an Icelandic form, as a junior
synonym of U. tenuis. Icelandic specimens exam-
ined during my study confirm Svetovidov’s taxo-
nomic judgment and document the range exten-
sion of the species to Iceland. Similarly Bullis
and Thompson (1965) reported U. tenuis from the
continental slope of the east coast of Florida. I
examined these specimens and confirm their
identification as U. tenuis.

Fraser-Brunner (1925) reported two small speci-
mens of U. chuss from the Irish Atlantic slope
but was not certain of their identity: “Two small
specimens [25 and 55 mm standard length]
apparently referable to this species (U. chuss)
were taken in the tow net near the surface . .. .”
Urophycis chuss of this size were considered to be
unidentifiable by American workers such as
Bigelow and Welsh (1925) who had many oppor-
tunities to examine small specimens. It is probable
that Fraser-Brunner’s postlarvae were a species
of Phycis, not Urophycis.

The known ranges of the two species can now
be summarized: U. chuss occurs on the continental
shelf from southern Nova Scotia to North Carolina
and may stray to the Gulf of St. Lawrence.
Urophycis tenuis occurs on the continental shelf
and slope from Iceland, Labrador, and the Grand
Banks of Newfoundland to the coast of North
Carolina, straying as far south as Florida in deep
water.

Sampling Procedures

Data for a study of the seasonal distribution
patterns of U. chuss and U. tenuis were collected
during a groundfish survey conducted by the
National Marine Fisheries Service at Woods
Hole, Mass. The survey consisted of nine seasonal
cruises by RV Albatross IV from the mouth of
the Bay of Fundy to Hudson Canyon. Approxi-
mately 1,800 fishing stations were occupied, and
cruises were conducted during the summer and
fall in 1963, 1964, and 1965 and during the
winter in 1964, 1965, and 1966.

The survey area was divided into 42 sampling
strata according to depth (Figure 1), and stations
were located randomly within strata. A No. 36
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FIGURE 1.—Sampling strata where collections were made during the RV Albatross 1V
groundfish surveys. (After Grosslein, 1969.)

Yankee otter trawl with a cod-end liner (mesh
diameter one-half inch stretched) was towed on
the bottom for one-half hour at each station.
Towing speed was approximately 3.5 knots. The
sampling method and design were described in
detail by Grosslein (1969). Length of specimens
reported in the present paper is total length
unless noted otherwise.

Factors Analyzed
Life History Stages

The following summary of the life histories of
U. chuss and U. tenuis is extracted from Musick
(1969). Urophycis chuss has pelagic eggs and
pelagic larvae that descend to the bottom at a
length of about 35 to 40 mm. The young then
live within the mantle cavity of the sea scallop,
Placopecten magellanicus. The largest U. chuss
thus far found inside Placopecten have been 130
to 140 mm long. Urophycis chuss becomes
mature at about 290 mm in length. The otter
trawl used in the present study catches no eggs
or larvae and very few pelagic juveniles; there-
fore, the life history of U. chuss was divided into
three demersal stages defined by length: juvenile,

<14 c¢m;immature, 15-28 cm; and mature, =29 cm.

Urophycis tenuis has pelagic eggs and pelagic
larvae which migrate to the bottom at a length
of about 80 mm (or smaller sizes in shallow
harbors and estuaries). Urophycis tenuis grows
much larger than U. chuss and matures at about

500 mm in length. The life history can be
divided into only two stages by length in the
present study because of the notable lack of
young fish in the trawl collections: immature,
9-50 ¢cm; and mature, =51 cm. The biology of these
species does not change abruptly in all indi-
viduals at a certain size. The size range over
which major biological changes occur may be quite
broad in populations of these Urophycis, but most
of the individuals in the population within the
size ranges cited above are also within the cor-
responding ontogenetic stage. By classifying indi-
viduals into life history stage by size, it is pos-
sible to use length-frequency data to determine
whether the geographical distribution patterns
of species change during ontogeny.

Natural Divisions of the Study Area

The survey region was divided into two natural
subareas according to topography and hydrog-
raphy. The southern New England subarea
includes sampling Strata 1to 19, i.e., the southern
parts of Georges Bank, Nantucket Shoals, and
the Mid-Atlantic Bight as far south as Hudson
Canyon. The Gulf of Maine subarea includes
sampling Strata 20 to 40, i.e., the Gulf of Maine
including the northern edge of Georges Bank and
Browns Bank (Figure 1).

Topography

The southern New England subarea is char-
acterized by a broad, shallow continental shelf
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that slopes gently seaward to about the 100-
fathom (fm) isobath, the point sometimes desig-
nated as the shoreward limit of the continental
slope. The slope itself declines much more steeply
to the abyssal plain below. The distance between
the 100- and 1,000-fm isobaths is 17 miles off
New York City, 16 miles off Martha’s Vineyard,
and no more than 20 miles along the southern
edge of Georges Bank. The width of the conti-
nental shelf “out to” the 100-fm isobath is 104
miles off New York City and 76 miles off Martha’s
Vineyard. Most of the southern New England
subarea is contained within the 60-fm isobath.

The Gulf of Maine is a basin of irregular relief
within the continental shelf, surrounded by a
shallow sill formed by Georges Bank on the south-
east, Browns Bank on the east, and the Seal
Island Banks on the northeast. The sill in turn is
pierced by three narrow channels, which have
been named according to their locations: the
Great South Channel, 40 fm maximum depth;
the Eastern Channel, 128 fm maximum depth;
and the Northern Channel, 65 fm maximum
depth. Most of the Gulf of Maine is deeper than
60 fm, and the central Gulf, occupied by a Y-
shaped trough, is deeper than 100 fm. The topog-
raphy of the Gulf of Maine has been discussed
in detail by Bigelow (1927).

Temperature

The following description of seasonal thermal
regimes is compiled from Bigelow (1927, 1933)
and original data collected during the Alba-
tross 1V surveys. The southern New England
subarea has extreme seasonal temperature
changes related to its shallowness. Bottom tem-
peratures reach an annual minimum in late
February or early March, and are lowest in the
shoal waters close to shore and on Georges Bank
and highest at the edge of the continental shelf
(Figure 2). Spring warming proceeds most rapidly
in the shallowest water. By early summer,
thermal stratification occurs and prevents the
bottom water from warming at intermediate
depths (20 to 60 fm) which remain at 4° to 8°C
(cooler than both the shoaler depths inshore and
the deeper slope water offshore) (Figure 3).

Bottom temperatures in shallow areas attain
the annual maximum by the beginning of fall.
However, in intermediate depths the maximum
is not reached until the thermocline is broken
down, usually during October or November
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1
AVERAGE WINTER BOTTOM TEMPERATURES (°C)

AUBATROSS IV GROUNDFISH SURVEYS 6€4-1,65-284,66-1

FiGURE 2.—Average winter bottom temperatures compiled
from RV Albatross IV groundfish surveys 64-1, 65-2, 65-4,
and 66-1.

(Figure 4). Winter cooling proceeds more rapidly
in shoal water than at intermediate depths.
Depths beyond 60 fm under the influence of slope
water have relatively little fluctuation in bottom
temperatures throughout the year.

In the Gulf of Maine, seasonal thermal changes
on the bottom are most pronounced in the shoaler
areas. Also, the banks on the Nova Scotian shelf
are generally cooler by a few degrees than those
to the west, because of the influence of the cold
coastal current. Bottom temperatures over most of
the Gulf are more stable than those off southern
New England, because the deeper Gulf water is
made up in part of warm moderating slope water
which enters by way of the Eastern Channel.

Procedures of Analysis
Life History Stage by Sampling Strata

An analysis was performed to determine geo-
graphical and bathymetric distribution of U.
chuss and U. tenuis by life history stage and
season. Taylor (1953), Moyle and Lound (1960),
and Roessler (1965) demonstrated that fish are not
randomly distributed, but that the sampling
distribution of the number of individuals of a
species taken per sample in a series of col-
lections is contagious and may be best approxi-
mated by the negative binomial distribution. The
natural log transformation ¥ = In (x+1), where
x represents the number of individuals of a species
taken at each station, tends to “normalize” the
negative binomial distribution and substantially
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FiGURE 3.—Average summer bottom temperatures compiled
from RV Albatross IV groundfish surveys 63-5, 64-10, 65-10.

reduces correlation between the mean and the

variance (Pereyra, Heyamoto, and Simpson, 1967).

An index of numerical abundance of U. chuss
and U. tenuis was computed for each stratum
by applying the above logarithmic transformation
to each catch and calculating the transformed
mean catch per stratum. Catch data from all
3 yr were pooled by season of collection, because
U. tenuis did not occur frequently enough or in
large enough numbers to allow calculation of
reliable estimates of mean abundance in some
strata on the basis of single cruises. Thus the
analysis estimates average seasonal distribution
for a 3-yr period probably with little distortion
because hydrographic conditions in the principal
areas of hake concentration did not differ drasti-
cally among the 3 yr.

AVERAGE FALL BOTTOM TEMPERATURES (°C)

ALBATROSS (V. GROUNDFISH SURVEYS 63-7,64-13,65- 14

FIGURE 4.—Average fall bottom temperatures compiled from
RV Albatross IV groundfish surveys 63-7, 64-13, and 65-14.

Analysis of Temperature and Distribution

The mean catch per tow at each 1°C temperature
interval was computed by species, life history
stage, subarea, and season. A few temperature
intervals were not sufficiently sampled to provide
reliable estimates of mean abundance.

RESULTS AND DISCUSSION

Seasonal Distribution of U. chuss

Juvenile (14 c¢cm) U. chuss were rarely cap-
tured during summer cruises because young-of-
the-year were pelagic and unavailable to the
trawl, and most yearlings had grown larger than
14 ¢cm and were classified as immature fish
(Figure 5). In the fall juvenile U. chuss were
most abundant off southern New England at
depths shoaler than 60 fm (Figure 6). Their
distribution coincides with that of the sea scallop,
Placopecten magellanicus, which serves as a host
to the young inquiline U. chuss (Musick, 1969).
The shoreward distribution of Placopecten is
limited by temperature off southern New Eng-
land. Dickie (1958) found the upper lethal range
to be 20° to 23.5°C, temperatures which occur
normally in the summer in the shallow bays
and sounds of southern New England. In the cooler
Gulf of Maine, Placopecten are most abundant in
inshore areas shoaler than 30 fm and occur com-
monly in shallow bays (Dow and Baird, 1960;
Bourne, 1964). Thus in the Gulf of Maine, the
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FiGURE 5.—Distribution and abundance of juvenile Urophycis
chuss during the summer. Abundance in each sampling stratum
is indicated on a log scale.

485



U.chuss

FALL
<14 ¢m Total length

LS Sag

w-“« g .!!' ol Fe
z%é,\ "'llllllﬂ;;;q,, s

S

i
l

>
:

="
|

i Nj]

e—
— §

8

N %,

FicUre 6.—Distribution and abundance of juvenile Urophycis
chuss during the fall. Abundance in each sampling stratum
is indicated on a log scale.

Placopecten habitat (the U. chuss nursery) was
not sampled because no strata were shallower
than 30 fm; consequently estimates of juvenile
hake abundance were low.

Juvenile U. chuss appear to avoid water colder
than 4°C (Figure 7). In winter (Figure 8), abun-
dance of juvenile U. chuss increased in the Gulf
of Maine probably because the temperature on the
inshore Placopecten beds had dropped below 4°C,
prompting the young U. chuss to migrate into
deeper water where they became available to our
sampling gear. Juvenile U. chuss were absent in
winter from the shoaler Georges Bank strata
where bottom temperatures were below 4°C. The
winter temperature histogram for the Gulf of
Maine shows juvenile U. chuss to be fairly abun-
dant at 3°C (Figure 7). This apparent contradic-
tion to the rest of the data is attributable to a
single large trawl catch at 3°C. The winter distri-
bution pattern of juvenile U. chuss off southern
New England was similar to the fall pattern
(Figure 8). Abundance values were lower, prob-
ably because of natural mortality and growth
of some juveniles beyond 14 ¢m in length.

During the summer, immature (15 to 28 cm)
U. chuss were abundant from the southern part
of Georges Bank throughout the southern New
England area at depths of 60 fm or less. Almost
no immature fish were taken at depths of 100
fm or more off southern New England (Figure 9).
Fish were most abundant at depths of 30 fm or
less between Martha’s Vineyard and Long Island
(Stratum 5). In the Gulf of Maine, the heaviest
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FiGuRre 7.—Seasonal catch per tow of juvenile Urophycis
chuss taken off southern New England and the Gulf of Maine.
Abundance data are stratified by temperature intervals of one
degree (C). The total number of individuals captured during
each season = n. The number of stations occupied at each
temperature is indicated above each respective histogram bar.

concentrations of fish were found in the Great
South Channel (Stratum 23). Moderate numbers
were taken in the deeper strata to the north of
the channel area and in shoal water on Georges
Bank.
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F1GURE 8.—Distribution and abundance of juvenile Urophycis
chuss during the winter. Abundance in each sampling stratum
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Ficure 9.—Distribution and abundance of immature Urophy-
cis chuss during the summer. Abundance in each sampling
stratum is indicated on a log scale.

The fall distribution pattern off southern New
England (Figure 10) suggests a movement inshore

which is further substantiated by an increase of

U. chuss in the inshore industrial fisheries land-
ingsin October and November (Edwards and Lux,
1958; Edwards, 1958a, 1958b; Edwards and Law-
day, 1960). Edwards (pers. comm.) has noted that
this fall fishery off southern New England landed
mostly small hake. Also reports by Smith (1898)
for Woods Hole; Latham (1917) for Orient, Long
Island; Breder (1922) for Sandy Hook Bay; and
Hildebrand and Schroeder (1928) for the New
Jersey coast and New York Bay document an
immigration of U. chuss in these inshore areas
in the fall with an emigration in the winter.
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Ficure 10.—Distribution and abundance of immature Urophy-
cis chuss during the fall. Abundance in each sampling
stratum is indicated on a log scale.

In the Gulf of Maine, immature U. chuss were
moderately abundant in the fall around the entire
perimeter in strata shoaler than 60 fm.

The winter distribution of immature U. chuss
was essentially limited to those strata deeper than
30 fm off Long Island, 60 fm off Nantucket, and
100 fm along the southern edge of Georges Bank
(Figure 11). In the Gulf of Maine immature U.
chuss were moderately abundant in strata deeper
than 60 fm. Concentrations occurred between
60 and 100 fm along the northern edge of Georges
Bank and off Massachusetts Bay and dJeffries
Ledge (Stratum 27). The only strata shoaler than
60 fm with moderate values of abundance were
26 and 40, located in the southwestern part of the
Gulf where temperatures were warmer than to the
north and east.

Immature U. chuss were taken during three
seasons within the entire temperature range
with the exception of the highest intervals (15° to
16°C), which were inadequately sampled (Figure
12). Most immature fish were taken between 5°
and 13°C. As with the juveniles, immature U.
chuss were absent from the shallow parts of
Georges Bank during the winter and they may
avoid water colder than 4°C. Edwards (1965)
noted that in the late fall most U. chuss had
migrated from the inshore industrial fishing
grounds when the water temperature dropped
to 5°C.

Adult U. chuss migrate inshore in the spring
of the year. Smith (1898) reported U. chuss to be
abundant at Woods Hole in May or June but rare
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FIGURE 11.--Distribution and abundance of immature Uro-
phychis chuss during the winter. Abundance in each sampling
stratum is indicated on a log scale.
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in the summer. Latham (1917) reported U. chuss
from Orient, Long Island, in the spring but not
summer. Breder (1922) noted U. chuss from Sandy
Hook Bay in the spring; and Hildebrand and
Schroeder (1928) reported that off New Jersey
and New York U. chuss appeared in April, dis-
tended with spawn, that they remained close
inshore for a short period, were caught 2 to 6
miles off until late May, and in July were
abundant offshore on Cholera Bank. Edwards
and Lawday (1960) reported that U. chuss were
abundant in the industrial fish landings in April
and May from the shallow inshore fishing grounds
off No Man’s Land, Mass., and Point Judith, R.I.
The fish dispersed in June and July and were
less available to the fishery.

After they migrate inshore in the spring,
southern New England U. chuss migrate offshore
in the summer to spawn. Mature U. chuss were
heavily concentrated during the summer (Figure
13) in the strata shoaler than 60 fm off Block
Island and on the southwest part of Georges Bank.
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Ficure 12.—Seasonal catch per tow of immature Urophycis
chuss taken off southern New England and the Gulf of
Maine. Abundance data are stratified by temperature intervals
of one degree (C). The total number of individuals captured
during each season = n. The number of stations occupied at
each temperature is indicated above each respective histo-
gram bar.
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Ficure 13.—Distribution and abundance of mature Urophycis
chuss during the summer. Abundance in each sampling stra-
tum is indicated on a log scale.

These concentrations were probably spawning
aggregations because ripe fish were taken quite
frequently during the survey (Musick, 1969).
Also Domanevsky and Nozdvin (1963) reported
spawning aggregations of U. chuss offshore on
Georges Bank in July and August. Although a
small number of U. chuss remain in the southern
New England sounds during the summer (Ed-
wards and Lawday, 1960), these are probably
immature fish because spawning does not occur
there. Wheatland (1956) found no U. chuss eggs
or larvae in Long Island Sound, and Merriman
and Sclar (1952) took no eggs but captured larvae
in Block Island Sound, an area less land-locked
and more adjacent to deep water than the previous
one.

U. chuss emigration from shallow southern
New England waters to offshore spawning
grounds is probably correlated with temperature.
Figure 14 shows that U. chuss were not abundant
within adequately sampled temperature intervals
higher than 12°C. Riley (1956) noted that temper-
atures exceeded 12°C over most of Long Island
Sound during June and increased until October
when temperatures were in excess of 20°C. Ed-
wards, Livingstone, and Hamer (1962) reported
that during the summer off southern New Eng-
land U. chuss were most abundant at about 9°C,
and Edwards (1965) showed that U. chuss mi-
grated offshore when the bottom temperature
reached about 10°C in the early summer.

In the Gulf of Maine U. chuss became avail-
able to the shallow water trawl fishery off
Gloucester and Ipswich, Mass., in April or May
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FIGURE 14.—Seasonal catch per tow of mature Urophycis
chuss off southern New England and the Gulf of Maine.
Abundance data are stratified by temperature intervals of one
degree (C). The total number of individuals captured during
each season = n. The number of stations occupied at each
temperature is indicated above each respective histogram bar.

(Edwards, 1958a; Edwards and Lawday, 1960)
and increased in abundance until August. Thus
mature U. chuss are abundant in the summer at
depths less than 30 fm. The Albatross IV survey
data (Figure 13) which show highest values of
abundance in strata 60 fm and deeper are
probably not indicative of the true summer dis-
tribution of U. chuss. Both the industrial fishery
and region of greatest abundance in the Albatross
1V survey are in the southwestern section of the
Gulf, but the fishery and survey data were taken
at different depths. Additional evidence that U.
chuss congregate in the summer at depths less
than 30 fm comes from Bigelow and Schroeder
(1953). They noted that U. chuss spawns in the
Gulfin the summer and that most eggs and larvae
have been collected close to shore. Water tem-
peratures inshore are comparable to those that
occur in known offshore spawning areas of U.
chuss off southern New England (5°-10°C). Similar
temperatures also occur in deeper waters of the
Gulf, but young U. chuss spawned in such areas
would have little chance of finding Placopecten
for shelter after descending because Placopecten
is restricted to shoal areas of the Gulf (Dow and
Baird, 1960). Therefore, there may be selection

for inshore spawning in the Gulf of Maine.

During the fall (Figure 15), mature U. chuss
were dispersed over the entire survey area, but
the original data (Musick, 1969) show that most
individuals longer than 32 c¢cm had moved into
water deeper than 60 fm. The winter distribution
pattern of mature U. chuss (Figure 16) shows that
a very strong offshore movement occurred in water
deeper than 60 fm, in the Gulf of Maine, and off
southern New England. The fish were most
heavily concentrated along the edge of the conti-
nental slope from the southwest part of Georges
Bank to Hudson Canyon. Edwards et al. (1962)
reported U. chuss to be most abundant in winter
between 100 and 250 fm in their study area south
of Nantucket. In addition, Edwards et al. (1962)
found that U. chuss were “most abundant where
the water temperature was between 47°F (8.3°C)
and 50°F (10.0°C),” values which are within the
range which adult hake were most abundant in
the present study (5-12°C).

Juvenile and immature U. chuss occurred with-
in a narrower temperature range than the adults.
However, the latter were more concentrated
within relatively narrow temperature limits.
This implies that although adults may tolerate
a wider range, they may prefer a narrower range
than young fish do or, at least, are more mobile
and can undertake longer and faster seasonal
migrations, thus remaining within relatively nar-
rower temperature limits throughout the year.
Such behavior might allow the fish to maintain
an optimal thermal environment for gonadal
development, spawning, and feeding during
various times of the year.
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F1GURE 15.—Distribution and abundance of mature Urophycis
chuss during the fall. Abundance in each sampling stratum is
indicated on a log scale.
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Ficure 16.—Distribution and abundance of mature Urophycis
chuss during the winter. Abundance in each sampling stratum
is indicated on a log scale.

Seasonal Distribution of U. tenuis

During summer (Figure 17), immature U. tenuis
were rare or absent over most of the southern
New England area. Moderate numbers were
taken in the strata deeper than 100 fm off
Nantucket and the southern part of Georges Bank
and the strata deeper than 60 fm along the
eastern part of Georges Bank. In the Gulf of
Maine, immature U. tenuis were taken in mod-
erate numbers in the Great South Channel
(Stratum 23) and in the northern part of the
Gulf. The highest abundance value was in
Stratum 39 off the northern Maine coast.

In the fall, immature U. tenuis were most
abundant in the northern and eastern parts of
the Gulf (Figure 18), and moderately abundant
in the deep central Gulf, the Great South Chan-
nel, and on the middle and northern edge of
Georges Bank. Immature U. tenuis were also
abundant in the stratum deeper than 100 fm
at the eastern edge of Georges Bank and mod-
erately abundant in strata deeper than 60 fm to
the south and west off southern New England.
Only one stratum south of Georges Bank less
than 60 fm deep (Stratum 2) had moderate
numbers of U. tenuis. This stratum includes the
inshore extension of Hudson Canyon.

In the Gulf of Maine during the winter (Figure
19), immature U. tenuis were most abundant in
the deeper northern strata (Strata 36 and 38)
and along the northern edge of Georges Bank.
Immature U. tenuis were absent or rare in areas
less than 60 fm off southern New England but
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Figure 17.—Distribution and abundance of immature Urophy-
cis tenuis during the summer. Abundance in each sampling
stratum is indicated on a log scale.

were fairly abundant in some strata deeper than
100 fm.

Indices of abundance of U. tenuis by tempera-
ture interval were less reliable than those of
U. chuss because U. tenuis was much less
abundant, particularly off southern New Eng-
land. Single large tows often lowered the preci-
sion of mean catch estimates because of the
relatively small total number of U. tenuis col-
lected. Consequently, for some seasons only tem-
perature ranges can be discussed. In the southern
New England area, immature U. tenuis were
taken from 4° to 14°C in the summer. Only one
station was made at 15°C and at 16°C. Although
U. tenuis was not taken there, the sampling
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F1GuRe 18.—Distribution and abundance of immature Urophy-
cis tenuis during the fall. Abundance in each sampling stratum
is indicated on a log scale.
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intensity does not give a true indication of its
presence or absence. During the fall, immature
U. tenuis occurred over the entire temperature
range, 4° to 15°C. In the winter, they were taken
from 3° to 10°C. In the Gulf of Maine in the sum-
mer, immature U. fenuis occurred from 4° to 9°C
and the highest mean catch was at 8°C. The fish
were absent at 3°C and from 10° to 14°C; how-
ever, these temperature intervals were not ade-
quately sampled. In the fall, immature U. tenuis
occurred from 3° to 11°C and the highest mean
abundance was at 9°C. The fish were absent
from 12° to 15°C but the sampling intensity at
these temperatures wasinadequate. In the winter,
only a few fish were taken at 2°C and 3°C and
mean catches increased from 4° to 7°C. Im-
mature U. tenuis were taken over an annual
range of 2° to 15°C but were most abundant be-
tween 4° and 10°C (Figure 20).

During the summer (Figure 21), mature U.
tenuis were rare or absent off southern New Eng-
land except in two strata deeper than 100 fm.
They were moderately abundant in the Gulf of
Maine and heavily concentrated in Stratum 39
along the northern coast of Maine. In the fall
(Figure 22), off southern New England, mature
U. tenuis were moderately abundant in all strata
deeper than 100 fm, in two strata from 60 to 99 fm
deep, and in only one stratum from 30 to 59 fm
deep. They were rare or absent in all other south-
ern New England strata. Mature U. tenuis were
moderately abundant in the Gulf of Maine. The
highest values of abundance are in Strata 27 and
28, between 60 and 100 fm.
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Ficure 20.—Seasonal catch per tow of immature Urophycis
tenuis off southern New England and the Gulf of Maine.
Abundance data are stratified by temperature intervals of one
degree (C). The total number of individuals captured during
each season = n. The number of stations occupied at each
temperature is indicated above each respective histogram bar.

During the winter off southern New England
(Figure 23), mature U. tenuis were rare or absent
in all strata shoaler than 100 fm except Stratum
7, which was 60 to 99 fm deep. Mature U. tenuis
were moderately abundant there and in all strata
deeper than 100 fm. In the Gulf of Maine,
mature U. tenuis were absent from all strata
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Ficure 19.—Distribution and abundance of immature Uro-
phycis tenuis during the winter. Abundance in each sampling
stratum is indicated on a log scale.

Ficure 21.—Distribution and abundance of mature Urophycis
tenuis during the summer. Abundance in each sampling stratum
is indicated on a log scale.
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Figure 22.—Distribution and abundance of mature Urophycis
tenuis during the fall. Abundance in each sampling stratum
is indicated on a log scale.

shoaler than 60 fm. They were moderately abun-
dant in most deeper strata and most abundant in
Strata 28 and 36, which were deeper than 100 fm.

Catches of adult U. tenuis off southern New
England were very small. Consequently, tem-
perature-abundance estimates (Figure 24) are not
reliable. Adult U. tenuis occurred from 6° to 12°C
in the summer, from 4° to 13°C in the fall, and
from 4° to 10°C in the winter. Adult U. tenuis
were taken in the Gulf of Maine from 4° to 9°C
in the summer (Figure 24). The highest mean
catch was at 8°C. During the fall, the range of
occurrence was 3° to 11°C, the highest mean catch
occurring at 9°C, and in the winter the range was
2°to 7°C, the highest mean catch occurring at 7°C.
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Figurg 23.—Distribution and abundance of mature Urophycis
tenuis during the winter. Abundance in each sampling stratum
is indicated on a log scale.
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FiGURE 24.—Seasonal catch per tow of mature Urophycis
tenuis off southern New England and the Gulf of Maine.
Abundance data are stratified by temperature intervals of one
degree (C). The total number of individuals captured during
each season = n. The number of stations occupied at each
temperature is indicated above each respective histogram bar.

Annually, adult U. tenuis were taken from 2° to
13°C but were most abundant between 5° and 9°C.
Adult U. tenuis appear to occupy a more restricted
temperature range than immature U. tenuis.
Also, adult U. tenuis occupy a narrower and lower
temperature range than adult U. chuss.

U. tenuis may be more abundant off southern
New England than the survey data indicate.
Edwards et al. (1962) and Schroeder (1955) fre-
quently captured U. tenuis along the continental
slope off southern New England at greater depths
than those sampled during the Albatross IV sur-
vey and recent research (Musick, unpublished
data) indicates that U. tenuis is a common mem-
ber of the continental slope fish fauna of Virginia.

Distribution of Urophycis chuss and
U. tenuis with Substrate

U. chuss and U. tennuis are absent or rarely
occur on rock, shell, or gravel bottoms. Both
“prefer” sand or mud. Few or no Urophycis oc-
curred in Strata 24, 32, and 33 during any season.
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These strata are dominated by rock or gravel
bottoms (Fritz, 1965, Plate B). Storer (1858),
Goode (1884), Hildebrand and Schroeder (1928),
and Bigelow and Schroeder (1939) noted the
association of U. chuss, U. tenuis, or both with
mud bottoms. Bigelow and Welsh (1925) reported
that both species dwelled over soft bottoms (silt,
sand, or mud) but that the U. tenuis was more
strictly a “mud fish” than the U. chuss. The Alba-
tross IV data appear to agree with the last state-
ment, because the regions where U. tenuis
occurred most commonly are dominated by muddy
or silty substrates—the northeastern Gulf of
Maine, the central basins of the Gulf, and along
the continental slope on Georges Bank and south-
west. However, these areas are also cooler during
the summer, and the correlation between U.
tenuis abundance and mud bottoms (rather than
sand) may be an artifact. Urophycis chuss were
abundant over mud or sand or both depending on
season, because the deeper strata were covered
with muddy substrates whereas the shallower
strata in the southwest Gulf of Maine and off
southern New England were covered with sand
(Fritz, 1965, Plate B).
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